A System for Punctually Sending and Receiving Serial Data 

and 

a Method for Sending and Receiving the Serial Data 
Background of the Invention 
Field of the Invention 

This invention relates to serial communications applied to process 
automations, etc. Particularly, this invention relates to a retry 
communication in case of an error. This invention also relates to a reduction 
in response time. 
Description of the related Art 

In the process automations, a serial transmission bus is used as an 
interface for connecting a field apparatus and a monitor controller. 

Fig. 1 shows a configuration chart of a general serial communication 
system. In Fig. 1, a primary station 11, secondary stations 12 — 15, and a 
serial transmission bus 16 for connecting each of the stations are illustrated. 
For example, the secondary stations 12 and 15 are in an input type, and the 
secondary stations 13 and 14 are in an output type. 

According to the related art, a sequential polling system for collecting 
data of a secondary station by polling and collecting data of another secondary 
station also by polling is generally applied to a system in which the primary 
station and a plurality of secondary stations are connected through a serial 
communication bus. HDLC (High - Level Data Link Control) is an example of 
the serial polling system. A chart for explaining communication timing of the 
HDLC is illustrated in Fig. 22, and a configuration chart of a frame defined in 
the HDLC (JIS - X5104 - 1991) is illustrated in Fig. 23. Ablock configuration 
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chart of the primary station is illustrated in Fig. 24. In Fig. 22, a refresh 
request 1201 from the primary station to the secondary station 13, a refresh 
response 1202 from the secondary station 13, a refresh request 1203 from the 
primary station to the secondary station 14, a refresh response 1204 from the 
5 secondary station 14, a polling request 1205 from the primary station to the 
secondary station 12, a polling response 1206 from the secondary station 12, a 
polling request 1207 from the primary station to the secondary station 15, a 
polling response 1208 from the secondary station 15, and off time 1209 and 
□ 1210 between a request and a response are illustrated. 

J0 In Fig. 23, a respective frame 1300 of a request from the primary 

Ifl station and a response from the secondary station, a flag 1301 for indicating a 

; g- start of the frame, an address 1302 for indicating a destination of transmission, 

Q a control 1303 for indicating a frame control, transmission data 1304, a frame 

\^ check sequence (FCS) 1305 for checking the correctness of the frame, and a flag 

J15 1306 for indicating an end of the frame are illustrated. 

In Fig. 24, a communication circuit 1401, a processor 1402, a memory 
1403, an instruction 1404 for starting a communication, and an interrupt 
signal 1405 are also illustrated. 
Operations are explained. 
20 The processor 1402 in the primary station 11 prepares the frame 1300 

for transmitting the refresh request 1201 and the polling request 1205, and 
instructs the communication circuit 1401 to start a communication (1404). 
Then, the communication circuit 1401 performs the communication as 
illustrated in Fig. 25, based on a configuration of transmitting data. When 
25 the communication is ended, the communication circuit 1401 notifies the 
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processor 1402 by sending the interrupt signal 1405. 

However, according to the serial polling system, when a number of the 
secondary stations increases, longer time is required for collecting data of all 
the secondary stations. For solving such problems, a following system for 
5 collecting data is proposed in a public gazette. 

As a second related art, a following system is disclosed in Japanese 
Unexamined Published Patent Application Hei 1 - 300643. Hei 1 - 300643 discloses 
a polling - selecting system. A primary station sends a polling signal including 
q transmission order information to a plurality of secondary stations, and the secondary 

HfO stations monitor a carrier signal in a data transmission line. When the signal from 

;J: the primary station is off, the secondary stations transmit data in a pre-stored 

t f& transmission order. 

p As a third related art, Japanese Unexamined Published Patent Application 

Hei 9 - 181752 discloses a following system. In Hei 9 - 181752, a primary station 
ML 5 sends a polling packet including a transmission order of each of the secondary stations, 

and each of the secondary stations sends data after waiting for a period based on the 
transmission order in the polling packet. 

Fig. 25 illustrates a request and a response retried in case of an error in a 
serial data collection system according a polling system of the related art. In Fig. 25, 
20 a refresh request 901 includes polling requests 911, 913, etc. from a primary station 

and responses 912, 914, etc. from a secondary station. A response which is not 
normal is marked with an x. In Fig. 25, polling requests 913 and 923 and responses 
914 and 924 from the secondary station are also illustrated. According to the related 
art, the HDLC has been often used in the serial transmission bus. The HDLC 
25 functions well in normal operations. However, when especially a plurality of errors 



occurs, the request and the response are retried respectively for the plurality of errors. 
Hence, an overhead of a communication is large, and it becomes difficult to realize real 
time characteristics of communications. 

Fig. 23 illustrates contents described in JIS - X5104 - 1991 (a frame 
configuration of a procedure for controlling a high-level data link). Since a data 
length sent from a respective secondary station is not restricted, there is a possibility 
that the data length becomes quite long. Further, when the primary station polls 
each of the secondary stations in an error and retries transmission, the overhead of 
the communication becomes large, and it becomes impossible to collect data within a 
cycle. 

Further, there is an restriction in the process automation system. A 
plurality of primary stations is connected to a central processor via a network, 
and each of the primary stations is connected to a large number of secondary 
stations. Therefore, since a time relation of 100 inputs must be controlled 
clearly in the real time, each of the primary stations performs time stamp 
processing and sends data to the central processor. The primary stations 
have to end the communication with all the secondary stations within the cycle 
for performing the time stamp processing. 

A basic configuration is generally known and disclosed in a system of 
Japanese Unexamined Published Patent Application Hei 4 — 100411 as a fourth 
related art, and an apparatus of Japanese Unexamined Published Patent 
Application Hei 9 - 307575 also as the fourth related art, etc. However, the 
consistency between retrying in a plurality of times due to an error and 
maintaining the real time characteristics is not described. 

In a system of Japanese Unexamined Published Patent Application Hei 9 



181752, etc., a request retried by simultaneous polling is disclosed. However, only 
inquiry time from the primary station is shortened, and the real time characteristics 
are not considered. 
Summary of the Invention 

Basically, a respective state or respective data are requested in polling. 
If a plurality of secondary stations is in an error, a request must be retried to 
each of the plurality of secondary stations for determining the data. However, 
in a system in which the real time characteristics are required in collecting 
data in a cycle, if the request is retried to the respective secondary station in 
case of a plurality of complicated errors, it is impossible to end the processing 
within the cycle. 

According to the related art, the consistency of occurrence of the 
plurality of errors and the real time characteristics is not considered. 

In the fourth related art, a retry is performed in next cycle, and a 
refresh transmission is performed regularly. However, the fourth related art 
doesn't disclose an idea of retrying a request only to a secondary station in an 
error in a cycle for maintaining the real time characteristics. 

As stated, the overhead of the communication of the primary station is 
large in the polling system, and if the communication is tried for all the 
secondary stations within the cycle, the real time characteristics are unable to 
be realized in case of the plurality of errors. 

According to the related art, even in the simultaneous polling method 
of the second and third related art, addresses of all the secondary stations, 
from which data are collected, are sent in each polling. Therefore, an 
overhead of an address communication is large, and time for the 



communication becomes longer. 

It is one of objects of this invention to obtain an apparatus for sending 
and receiving serial data without losing the real time characteristics in case of 
a plurality of errors. The apparatus solves the above-stated problems 

It is another object of this invention to provide a serial communication 
system in which an overhead of a data communication can be reduced. In 
such system, a communication cycle can be shortened or an inquiry can made 
in more frequent cycles. 

According to an aspect of this invention, a system for sending and 
receiving serial data includes a plurality of secondary stations for receiving a 
refresh request and for sending one of data and a response to a primary station 
and the primary station for sending the refresh request and a polling request 
asking for sending data and for retrying one of the polling request and the 
refresh request within the same determined time in case of failure of receiving 
one of the data and the response. 

According to another aspect of this invention, a system for sending and 
receiving serial data includes a primary station for sending a refresh request 
and a polling request in a specific order without having each secondary station 
address in determined time and a plurality of secondary stations for 
responding to the primary station, following to the specific order. 

According to another aspect of this invention, a method for sending and 
receiving serial data having a plurality of secondary stations receiving a 
refresh request from a primary station and sending data to the primary station 
responding to a polling request includes retrying for sending one of the refresh 
request and the polling request to the secondary station within the same 



determined time in case of failure of receiving a response. 

Further features and applications of the present invention will become 
apparent from the detailed description given hereinafter. However, it should 
be understood that the detailed description and specific examples, while 
indicating preferred embodiments of the invention, are given by way of 
illustration only, since various changes and modifications within the spirit and 
scope of the invention will become apparent to those skilled in the art from this 
detailed description. 

Other objects features, and advantages of the invention will be 
apparent from the following description when taken in conjunction with the 
accompany drawings. 
Brief Description of the Drawings 

Fig. 1 shows a configuration chart of a system for sending and receiving 
serial data; 

Fig. 2 (A) illustrates a chart for explaining data transmission timing of 
an apparatus for sending and receiving serial data; 

Fig. 2 (B) illustrates a chart for explaining retry transmission timing of 
an apparatus for sending and receiving serial data in Embodiment 1 of this 
invention; 

Fig. 3 shows a configuration block chart of a primary station in 
Embodiment 1; 

Fig. 4 illustrates an example of data stored in a buffer memory in the 
primary station in Embodiment 1; 

Fig. 5 illustrates an example of a status byte in Embodiment 1; 

Fig. 6 illustrates an example of an operation sequence of an apparatus 
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for sending and receiving serial data in Embodiment 1; 

Fig. 7 illustrates an explanatory chart of monitoring a timeout in 
Embodiment 2 of this invention; 

Fig. 8 illustrates an example of a frame configuration of transmission 
5 data in Embodiment 4 of this invention; 

Fig. 9 illustrates a correspondence of codes in Embodiment 4; 

Fig. 10 illustrates a chart for explaining data transmission timing of 
the apparatus for sending and receiving the serial data in Embodiment 5 of 

□ this invention; 

%0 Fig. 11 illustrates an operation flow chart of the primary station in 

J! Embodiment 6 of this invention; 

2 Fig. 12 illustrates an example of a waveform of data transmission of 

□ the apparatus for sending and receiving the serial data in Embodiment 7 of 
-** this invention; 

r:15 Fig. 13 illustrates a chart for explaining timing in a transmission bus 

and an example of contents of data in Embodiment 8 of this invention; 

Fig. 14 illustrates a configuration chart of a transmission bus 
controller of a secondary station in Embodiment 8; 

Fig. 15 illustrates a configuration chart of another transmission bus 
20 controller in Embodiment 8; 

Fig. 16 illustrates a chart for showing timing in a transmission bus and 
an example of contents of data in Embodiment 9 of this invention; 

Fig. 17 illustrates a configuration chart of a transmission bus 
controller of a secondary station in Embodiment 9; 
25 Fig. 18 illustrates an example of a frame configuration in Embodiment 



10 of this invention; 

Fig. 19 illustrates a chart for explaining timing in a transmission bus 
in Embodiment 10; 

Fig. 20 illustrates another example of a frame configuration in 
Embodiment 10 of this invention; 

Fig. 21 illustrates another chart for explaining timing in a 
transmission bus in Embodiment 10; 

Fig. 22 illustrates a chart for explaining communication timing of 

HDLC; 

Fig. 23 illustrates a configuration chart of a frame defined by HDLC; 

Fig. 24 illustrates a configuration chart of a primary station according 
to the related art; and 

Fig. 25 illustrates a chart for explaining retry timing in a system for 
collecting serial data in a polling system according to the related art. 
Detailed Description of the Preferred Embodiments 
Embodiment 1. 

A system configuration chart in Embodiment 1 similar to a general 
system configuration chart is illustrated in Fig. 1. A mechanism for sending 
polling from the primary station, which is different from a general system, is 
essential in this embodiment. Explanations are made on operations with a 
focus on the real time characteristics of this invention. 

Fig. 2 (A) illustrates a chart for explaining timing in a serial 
transmission bus in case of normal operations in the system of Embodiment 1. 
Fig. 2 (B) illustrates a chart for explaining timing of a retry communication in 
case that an error is occurred at a response time in the system of Embodiment 
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1. Fig. 3 illustrates a block configuration chart of the primary station, and Fig. 
4 illustrates a data configuration chart in a buffer memory in the primary 
station. Fig. 5 illustrates a configuration chart of a status byte, and Fig. 6 
illustrates an operation flow chart. In the figures, a series of groups 101 - 103 
5 of communications cyclically retried between the primary station and a 
plurality of secondary stations and determined time 104 of each of the groups 
of the communications are illustrated. A series of synchronization requests 
110 - 118 (transmission units) transmitted in a typical group 102 of the 
□ communications is also illustrated. A synchronization request 110, refresh 

JlO requests 111 and 112, refresh responses 113 and 114, polling requests 115 and 
ill 116, polling responses 117 and 118, and off time 119 and 120 between the 

:j4 request and the response are also illustrated. When a normal response is not 

Q obtained, an x is marked. A retry communication 121, a polling request 122 

] *Z for retry, which is same as the polling request 115, a polling response 123 to the 

f~:15 polling request 122, a polling request 124 for retry, which is same as the polling 
request 116, and a polling response 125 are illustrated. 

A communication circuit 21, a processor 22, a buffer memory 23 for 
storing a record of 12 bytes, a timer 24 for outputting a determined time signal 
corresponding to the determined time 104, a retry register 25, a processor 
20 memory 26, an instruction 27 for starting the communication, and an interrupt 
signal 28 are illustrated. 

A record 41 in which contents of the synchronization request 110 is 
stored, a record 42 of a correspondence between the refresh request 111 to the 
secondary station 13 and the refresh response 113, and a record 43 of a 
25 correspondence between the refresh request 112 to the secondary station 14 
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and the refresh response 114, a record 44 of a correspondence between the 
polling request 115 and the response 117 from the secondary station 12, a 
record 45 of a correspondence between the polling request 116 and the 
response 118 from the secondary station 15, and a record 46 for instructing to 
5 end are illustrated. Further, a status byte 401 used by the communication 
circuit 21 for own control information and response information to the 
processor 22, e.g., a communication state, a control byte 402 for responding 
from the secondary station, an address byte 403 of the secondary station, a 
q control byte 404 describing a type of a request sent to the secondary station, a 

%) data area 405 of 8 bytes, a retry bit 411, a bit 412 of error factors, and a bit 413 
;jF for indicating a state of exceeding the cycle are illustrated. In a column 51, 

'!% operations performed by the processor 22 in the primary station are illustrated. 

q In a column 52, operations performed by the communication circuit 21 in the 

H* primary station are illustrated. In a column 53, operations performed by the 

QL5 communication circuit in the secondary station are illustrated. In a column 
54, operations performed by an input and output (I/O) circuit of the secondary 
station are illustrated. The operations (steps) processed by the primary 
station, etc. are illustrated in S511 - S545. 

With reference to Figs. 1 - 6, operations of this apparatus are 
20 explained. 

In an area to which this invention is applied, a time record (time 
stamp) of input information and constant time for the communication must be 
ensured. The processor 22 must end the communication of a series of groups 
in approximately 50% of the determined time 104 for processing, e.g., time 
25 recording, etc. of the input information obtained by polling. Embodiment 1 
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illustrates a case in which two secondary stations of an output type and two 
secondary stations of an input type are provided as in the general system of Fig. 
1. The determined time 104 is 1 millisecond. 

At first, explanations are made on timing of the normal communication 
of the group 102 as illustrated in Fig. 2 (A). The primary station 11 sends the 
synchronization request 110, and requests all the secondary stations of the 
input type to prepare data simultaneously. Then, the primary station 11 
sends the refresh request 111 to the secondary stations 13 and 14 of the output 
type, receives the refresh response 113, sends the refresh request 112, and 
receives the refresh response 114 sequentially. Then, the primary station 11 
sends the polling request 115 to the secondary stations 12 and 15 of the input 
type, receives the polling response 117, sends the polling request 116, and 
receives the polling response 118 sequentially. Such communication of the 
series of the groups are processed in the communication circuit 21 by an 
instruction from the processor 22. The processor 22 transmits contents of the 
instruction to the communication circuit 21 in a data configuration set in the 
buffer memory 23. The records 41 - 45 are set with an order of the above 
synchronization request 110, refresh requests 111 and 112, and polling 
requests 115 and 116. The processor 22 needs to rewrite only a part of data, 
e.g., data in the records, status byte, etc. within the determined time 104 by 
setting a data configuration based on a number of the secondary stations of the 
input type and the secondary stations of the output type in advance. Hence, a 
load of processing can be reduced. 

With reference to the flow chart of communication processing in Fig. 6, 
sequential operations are explained. 
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If output data of the refresh request is changed, the processor 22 sets 
the data, initializes all status bytes (step S512), and instructs the 
communication circuit 21 to start the communication (step S513). Then, the 
processing goes to the time stamp of the data received in a previous cycle, the 
communication with an upper processor, etc. The communication circuit 21 
waits for the instruction to start outputting by the timer 24 (step S516), reads 
the record 41 from the buffer memory 23, and sends the synchronization 
request 110 (step S517). 

The secondary stations 12 and 15 of the input type receive the 
synchronization request 110, and start extracting data in an input point (step 
S541). Then, the communication circuit 21 reads the record 42, and sends the 
refresh request 111 (step S518). The secondary station 13 sends the refresh 
response 113, and refreshes the output point with the received data (step S542). 
Then, the communication circuit 21 receives the refresh response 113, writes a 
control byte in the record 42 (step S519), reads the record 43, and sends the 
refresh request 112 (step S520). The secondary station 14 sends the refresh 
response 114, and refreshes the output point with the received data (step S543). 
Then, the communication circuit 21 receives the refresh response 114, writes 
the control byte in the record 43 (step S521), reads the record 44, and sends the 
polling request 115 (step S522). 

The secondary station 12 sends the polling response 117 together with 
a result of extracting data started in processing of step S541 (step S544). 
Then, the communication circuit 21 receives the polling response 117, writes 
the control byte and data in the record 44 (step S523), reads the record 45, and 
sends the polling request 116 (step S524). The secondary station 15 sends the 
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polling response 118 together with the result of extracting the data started in 
processing of step S541 (step S545). Then, the communication circuit 21 
receives the polling response 118, writes the control byte and data in the record 
45 (step S525), and reads the record 46. Since the status byte instructs to end, 
the communication circuit 21 confirms that the status bytes of all the records 
41 - 45 are without an error (step S526), and generates an interruption (step 
S529). The processor 22 performs processing of receiving an interruption by 
the interrupt signal 28 (step S514). Then, the processor 22 copies the data 
(records 44 and 45) received from the secondary stations 12 and 15 and stores 
in the processor memory 26 (step S511), Then, the processing in step S512 is 
retried. 

Explanations are made on operations in case of a communication error, 
which are important in Embodiment 1. 

In Fig. 2 (B), if the primary station 11 doesn't receive the polling 
responses 117 and 118 normally, the primary station 11 performs the retry 
communication 121 after ending the transfer of the group 102. The retry 
communication 121 includes the polling request 122 to the secondary station 
from which the primary station 11 could not receive the response normally as 
in the above, the polling response 123, the polling request 124 to the secondary 
station 15, and the polling response 125. In this case, the communication 
circuit 21 detects a timeout in step S523 of receiving data, sets a timeout error 
in the bit 412 of error factors in the status byte of the record 44, and sets the 
retry bit 411. If at least an error is found in the status bytes among all the 
records 41 - 45 after ending the communication of the group 102, i.e., the 
communication circuit checks the retry bit 411 (step S526), the communication 
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circuit 21 sends the polling request 122 corresponding to the records 44 and 45 
in which the error are recorded (step S527). When the communication circuit 
21 receives the polling response 123 from the secondary station 14 normally, 
the communication circuit 21 writes the control byte and data in the record 44, 
and clears an error record of the status byte. 

Then, the communication circuit 21 sends the polling request to the 
secondary station (step S527), receives the polling response 125 (step S528), 
writes the response in the record 45, and clears the error. In this way, after 
checking if the status bytes of all the records 41-45 are without an error (step 
S526), an interruption is generated (step S529). In this explanation, a case of 
the error in polling is explained. However, retrying can be performed also in 
case of an error in refreshing. 

As stated, the retry processing are performed for all the secondary 
stations with an error within a constant determined time in Embodiment 1. 
Therefore, the time stamp and communication can be performed within the 
determined time. 

According to Embodiment 1, requests are retried within the same 
determined time only to the secondary stations which had problems in the 
responses during the determined time. Therefore, the correct data can be 
obtained without losing the real time characteristics. 
Embodiment 2. 

Explanations are made on a case in which the group 102 of the 
communication becomes relatively longer than the determined time 104 of 
Embodiment 1 and time for the retry communication 121 cannot be increased. 

For example, there is a case in which the retry communication doesn't 
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succeed even by retrying due to degradation of a quality of the serial 
transmission bus 16 and a malfunction of the secondary station. In 
Embodiment 2, as illustrated in Fig. 3, the primary station 11 includes the 
retry register 25 which can be set from the processor 22. When a number of 
5 retries reaches a value set in the retry register 25, the communication circuit 
21 ends the retry communication, and reduces performance time of the retry 
communication 121. 

It is also possible that the primary station 11 includes a maximum 
3 communication time register which can be also set by the processor 22 instead 

slQ of the retry register 25 and the communication circuit 21 ends the retry 
communication when a time value of the timer 24 reaches a value in the 
t % maximum communication time register in retrying. The performance time of 

O the retry communication 121 can be also controlled in this way. 

Explanations are made on an actual method for judging the timeout. 
! : ^15 Fig, 7 illustrates a chart for showing timing in a monitor time range of 

the timeout. In Fig. 7, a monitor time 130 of the timeout is illustrated. The 
polling request 115 and the polling response 117 in Fig. 2 (B) are enlarged in 
Fig. 7. If the polling response cannot be received normally within the monitor 
time 130 after an end of the polling request 115, the communication circuit 21 
20 in the primary station 11 judges it as the timeout. Since the off time 120 is 
limited within a range of 10 - 20 bit time and the polling response 117 includes 
11 bytes, i.e., 11x8/4x5 = 110 bit time by 4B5B code conversion, the monitor 
time 130 is 12-13 fl second or more from a communication rate of 10 M bit / 
second. For example, by setting the monitor time of the timeout for 14 jU 
25 second, an increase in the communication time due to the error can be 
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controlled. Hence, the maximum time for the communication can be assured. 

Accordingly, the number and time of retrying are limited, and the 
response frame can be shortened. Therefore, the real time characteristics can 
be assured even if a plurality of errors occurs. 
5 Embodiment 3. 

The real time characteristics in the polling method has a priority in 
this invention. Explanations are made on a mechanism of giving a priority on 
processing of an error. 

= - In case of retrying due to the error, the time stamp is corrected. 

^10 Particularly, in the retry operations in the previous embodiment, in case of 
f: retrying due to frequent occurrence of errors in the communication and the 

}i timer 24 outputs a next cycle signal as the communication time becomes longer, 

□ the communication circuit 21 sets the bit 413 for indicating a state of exceeding 

M the cycle in the status byte 401. After the retry communication is ended, 

-• f% 

;^15 when the processor 22 receives the interrupt signal 28, the processor 22 
recognizes that the retry is not completed within the determined time from the 
bit 413 in the status byte 401. Therefore, the processor 22 corrects the time of 
the time stamp before outputting a next instruction 27 for starting 
communication. 

20 In some cases, since the processor 22 becomes overloaded temporarily 

and an instruction for starting the communication (step S513) is delayed, it is 
impossible to maintain the time for the retry communication 121. In that 
case, since the communication circuit 21 has received a cycle signal from the 
timer 24, when the communication circuit 21 receives the instruction for 

25 starting the communication (step S513) from the processor, even if an error is 
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found in judgement of ending (step S526), the communication circuit 21 judges 
as the end, and generates an interruption (step S529). As stated, the retry 
communication 121 can be reduced forcefully. 
Embodiment 4, 

5 Explanations are made on a case of reducing the communication time 

by limiting a retry number instead of giving the priority on the real time 
characteristics. 

Fig. 8 shows a configuration chart of a frame transmitted in the serial 
■~ • transmission bus 16 in Embodiment 4. In Fig. 8, a request frame 61 sent by 

10 the primary station and a response frame 62 sent by the secondary station are 

Mffl 

: J! illustrated. A first flag byte 601 output by the primary station, an address 

J? byte 602 for designating the secondary station, a control byte 603 for informing 

2 the secondary station of a request type, etc., data 604 of 8 bytes sent to the 

!s * secondary station, an error check byte 605, a second flag byte 606 output by the 

!"4.5 secondary station, a control byte 607 output by the secondary station, and data 
608 of 8 bytes output by the secondary station are also illustrated. The data 
604 and 608 are omitted depending on a type of the frame. Further, in 
sending, 4B5B encoding and NRZI (Non-Re turn-to-Zero, Invert-on-Zero) 
modulation are performed except for the flag bytes 601 and 606, and each byte 
20 is transmitted in 10 bit time. In receiving, NRZI demodulation and 4B5B 
decoding are performed. A communication rate in the serial transmission bus 
16 is 10 M bit / second. 

Fig. 9 shows a chart of a correspondence of 4B5B codes. In Fig. 9, a 
column of the 4B codes shows codes used in normal processing. In receiving, 
25 5B codes are converted by 4B5B decoding. A column of the 5B codes shows 
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codes which are converted by 4B5B encoding and sent. As the flag bytes 601 
and 606, 5B codes, e.g., 0000010001 for the first flag byte 601 and 0000000101 
for the second flag byte 606 which are not in the column of the 5B codes in the 
chart of the correspondence of the codes are used. When a value of the 5B 
5 code is zero, a serial signal is inverted by the NRZI modulation. Therefore, 

since the concerning flag bytes 601 and 606 often have a bit with a value of 
zero, bit synchronization and frame synchronization in receiving becomes easy. 
According to the related art, the flag byte 601 and the flag byte 606 are 
p in a same code. Therefore, it is necessary to provide a byte equivalent to an 

^10 address byte in the related art in the frame sent from the secondary station for 
;J" designating the primary station. However, as stated, the address byte can be 

J deleted from the frame sent from the secondary station by employing the 4B5B 

□ encoding and using two exclusive flag bytes. Further, since the data 604 and 

608 are in a fixed length, a byte for specifying a data length and a special flag 
4l5 for indicating the end are not necessary. Hence, the communication time can 
be shortened. 
Embodiment 5. 

There are some cases in which a response is delayed in the secondary 
station even within the determined time. Explanations are made on an idea 
20 of assuring the real time characteristics in such cases. It is a mechanism of 
sending after a response of another apparatus is ended. 

Fig, 10 illustrates a chart for explaining timing of an example of an AI 
(Analog Input) synchronization request and its response. In Fig. 10, an AI 
synchronization bit 141 of a control byte in a synchronization request frame, a 
25 busy bit 142 of a control byte in a polling response frame, a polling request 143 
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retried corresponding to a busy response, and a polling response 144 are 
illustrated. A secondary station of an AI input type needs more time than a 
secondary station of a DI (Digital Input) type for preparing data after receiving 
the synchronization request 110. When the data are not prepared in the 
polling response 117 corresponding to the polling request 115, the busy bit of 
the control byte is turned on and responded. After ending the communication 
of the series of the groups, the communication circuit 21 in the primary station 
retrieves a record of the polling request, and retries for a record in which the 
busy bit is set (busy retry). Accordingly, the data from the secondary station 
of the AI input type which has not prepared data can be received within the 
same determined time. 

With reference to Fig. 10, the busy retry operations are explained. If 
the primary station stores information on a type of each of the secondary 
stations and knows in advance that the AI data are prepared after the 
determined time, the communication circuit 21 can skip processing of the 
communication of the concerning record by setting the status byte of the record 
corresponding to the secondary station of the AI input type invalid. Hence, 
unnecessary communication can be reduced, and free time, which can be used 
for the retry communication after the timeout, can be generated. 

The synchronization request with AI synchronization is not put at a 
header in any group of the communications. The synchronization request 
with AI synchronization appears once in some cycles, e.g., four cycles. 
Therefore, it is possible that the communication circuit 21 stores that the 
synchronization request with AI synchronization is sent and prohibits the busy 
retry within the same determined time. 



Further, it is also possible that the communication circuit 21 performs 
the busy retry only when the communication circuit 21 receives a permission 
for the busy retry from the processor 22 by providing a retry permission 
register which is not shown in Fig. 3 in the primary station 11. 
5 Embodiment 6. 

The secondary station is changed to a normal unit, if a unit has a 
malfunction. After changing to the normal unit, when the normal unit is 
connected to a system and the system is returned, resetting of the system is 
usually not performed. Therefore, initialization corresponding to the 
40 returned secondary station is necessary as the system. 

J£ Fig. 11 shows a flow chart concerning on changing of the secondary 

'5 stations performed by the processor 22. The processor 22 judges if it is a 

L secondary station (having a malfunction) from which a normal response is not 

U obtained in processing of step S511 described in Embodiment 1 (step S81). If 

QL5 it is in the malfunction, the processor 22 counts a number of errors (step S82), 
and judges if the number is a determined number or more (step S83). If the 
number is the determined number or more, an error flag is turned on (step 
S84). The error flag is provided in the processor memory 26 for each of 
corresponding secondary stations. If the corresponding secondary station is 
20 not in the error (step S81) and the error flag is not turned on (step S85), the 
number of errors is cleared (step S86). If the error flag is on (step S85), an 
initialization request is set in a corresponding record (step S87), and the error 
flag is cleared (step S88). The initialization request is sent to the secondary 
station through the communication circuit 21 for initializing (parameter 
25 setting, etc.) the secondary station. As stated, when a normal response is 
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received from the secondary station with an error flag on, it is possible to judge 
that the secondary station is changed during system operations for responding 
normally. In that case, the initialization request can be sent to the secondary 
station to initialize the secondary station and return to a normal state. 
5 In the explanations of Fig. 11, it is judged that the secondary station is 

changed during system operations and the normal response is made, and the 
initialization request is sent. It is possible to check if the new secondary 
station is in a same type with the replaced secondary station before returning 
Q the secondary station of the error to a normal state by collecting the 

NiLO information on the type (input type / output type, number, etc.) of the new 
j; secondary station, and sending a test request, sending an initialization request 

in a next cycle, if the collected information is normal. 
!5 Embodiment 7. 

Explanations are made on another idea of reducing retrying of the 
;*fl5 requests by reducing the errors. 

Fig. 12 illustrates a waveform of a serial transmission signal of each 
frame. In Fig. 12, no-signal state (off time) 31, a low potential state 32 at a 
beginning of the frame, a low potential state 33 at an end of the frame, a high 
potential state 34 at an end of the frame, a high potential state 35 of a frame 
20 transmission signal, a waveform 36 of a signal in case of tuning off at the high 
potential state 35, and a low potential state 37 at a beginning of a next 
communication frame are illustrated. In case of turning off in the low 
potential state 33 at the end of the frame transmission, the potential rises 
gradually as in a signal 38. When a load capacity in the serial transmission 
25 bus is large, there are some cases in which the potential doesn't rise before the 
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state 37 at the beginning of the next frame. This causes an error in 
synchronization of receiving the next frame. Therefore, at the end of the 
frame transmission, a high potential is forcefully output for a short period, and 
the high potential is maintained at a next no-signal state for improving an 
accuracy of the synchronization in receiving the frame. 
Embodiment 8. 

A system configuration chart of Embodiment 8 is same as the general 
system configuration as illustrated in Fig. 1. 

Fig. 13 is a chart for explaining timing in a serial transmission bus in 
an embodiment of this invention. Fig. 14 is a block configuration chart of a 
serial transmission bus controller in the secondary station, and Fig. 6 is an 
operation flow chart of the system. 

In Fig. 13, a series of groups 201 - 203 of communications cyclically 
retried between the primary station and the plurality of secondary stations, 
and determined time 204 of each of the groups of the communications are 
illustrated. A series of frames (transmission units) 210 - 215 transmitted in a 
typical group 202 of the communications, a refresh request 210, refresh 
responses 211 and 212, a polling request 213, polling responses 214 and 215, 
and off time 216 between a request and a response are also illustrated. An 
address 218 designating all the secondary stations or a respective secondary 
station is also illustrated. 

In Fig. 14, a controller 300 for controlling transmission to the serial 
transmission bus 16 in the secondary station, a transceiver 301, a transmission 
controller 302 for determining a timing of transmission of a response, an order 
register 303, a signal checker 304 for monitoring a change of a signal line in 
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the serial transmission bus 16, a data sender 305, and a data receiver 306 are 
illustrated. 

In Fig. 6, steps performed by the processor of the primary station are in 
the column 51, steps performed by the communication circuit (not illustrated) 
of the primary station are in the column 52, steps performed by the serial 
transmission bus controller 300 of the secondary station are in the column 53, 
and steps performed by an input / output circuit (not illustrated) of the 
secondary station are in the column 54. Actual processing items (steps) are 
respectively shown in steps S511 - S545. 

With reference to Figs. 6, 13, and 14, explanations are made on a basic 
idea of the operations in Embodiment 8. 

In an area of this invention, it is necessary to record time (time stamp) 
of input data and complete the communication within the determined time. 
The primary station 11 must perform processing, e.g., time recording, etc. of 
the input data obtained by polling, and end the communication of the series of 
the groups of the communications within the determined time. In 
Embodiment 8, explanations are made on a case in which two secondary 
stations of the output type and two secondary stations of the input type are 
provide as illustrated in Fig. 1. 

The primary station sets serial numbers in the order register 303 in all 
the secondary stations before making the refresh request and the polling 
request to the secondary stations. The numbers are provided independently 
for the secondary stations of the input type and the secondary stations of the 
output type. For example, the primary station sets "1" for the secondary 
station 12, "1" for the secondary station 13 ? "2" for the secondary station 14, 
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and "2" for the secondary station 15. 

The timing of the typical group 202 of the communications as 
illustrated in Fig. 13 has the following meaning. The primary station 11 
sends all the refresh data for the secondary stations 13 and 14 of the output 
type as the refresh request 210. The serial transmission bus controller 300 in 
each of the secondary stations 13 and 14 receives the refresh request 210 for 
the own station and all the secondary stations by referring to the address 218. 
Then, the serial transmission bus controller 300 delivers the received data to 
an output circuit via the data receiver 306. The signal checker 304 monitors a 
change of signals in the serial transmission bus 16, and detects an end of the 
frame transfer, if the signals are not changed for a constant time. 

The transmission controller 302 controls a response order from the own 
station by comparing the completion of the frame transfer and the value set in 
the order register 303. For example, if the value set in the order register 303 
is "1", the transmission controller 302 in the secondary station 13 sends a 
permission for the transmission of the refresh response 211 to the data sender 
305 as soon as the signal checker 304 judges the completion of the frame 
transfer of the refresh request. When the secondary station 13 completes the 
frame transfer of the refresh request, the transmission controller 302 in the 
secondary station 14 sends a permission for the transmission of the refresh 
response 212 to the data sender 305. Since the secondary stations 12 and 15 
are in the input type, they do not respond to the refresh request. 

Then, the primary station 11 sends the polling request 213 to all the 
secondary station of the input type. The serial transmission bus controller 
300 in each of the secondary stations 12 and 15 reads the polling data from an 
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input circuit as soon as receiving the polling request 213 to the own station and 
all the secondary stations by referring to the address 218. Controlling of the 
transmission of the polling response is same as the operations in sending the 
refresh response. 

The series of the groups of the communications is processed by the 
communication circuit in the primary station by an instruction from the 
processor in the primary station. The processor only receives the response 
from the secondary stations in addition to sending the refresh request and the 
polling request once. Therefore, the processing by the processor can be 
reduced. Further, the transmission time can be shortened, i.e., reduction of 
30 % in maximum compared with the second and third related arts. 

Since the sequential operations shown in Fig. 6 are basically same as 
Embodiment 1 except that the transmission is performed in a determined 
sequence order in this embodiment, detailed descriptions are omitted. 

As stated, according to this invention, the transmission sequence of the 
communication between the primary station and the secondary stations is 
predetermined, and descriptions are simplified. Therefore, the time for the 
communication can be shortened, Further, the load of processing can be 
reduced. 

In these embodiments, the secondary station obtains the order from a 
change of the signal lines in the serial transmission bus 16, and controls the 
timing of starting the transmission from the own station based on the order. 
However, it is also possible to set a separate timer for each of the secondary 
stations in advance and control the transmission order in monitoring the time 
by using the timer. 
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Fig. 15 shows a configuration chart of the serial transmission controller 
300 in such an embodiment. 

In Fig. 15, a transmission controller 501 for determining if the 
transmission is possible, a response time register 502 for setting time for 
waiting for the response in the own station, and a receiving checker 503 for 
monitoring the completion of the request frame transfer from the primary 
station are illustrated. Other signs same as in Fig. 14 are same or equal 
elements with the signs with Fig. 14. 

With reference Figs. 13 and 15, operations of this apparatus are 

explained. 

The primary station sets a waiting time for a response for each of the 
secondary stations in the response time register 502 in each of all the 
secondary stations as stated already. 

Explanations are made on the timing of the typical group 202 of the 
communications illustrated in Fig. 13. Since the configuration is same as the 
configuration of Fig. 14 except for judgement of the order, a different part is 
explained in details. 

At first, the refresh request 210 is sent simultaneously. The 
secondary stations 13 and 14 receive the refresh request 210, and the receiving 
checker 503 detects the completion of the transfer of the refresh request frame. 

The transmission controller 501 controls the transmission of the 
response from the own station in detecting the completion of the frame transfer 
by the receiving checker 503 and using the value set in the response time 
register 502. For example, in case that 20 microsecond is set in the response 
time register 502 in the secondary station 13, the secondary station 13 returns 
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the refresh response in 20 microsecond after receipt of the refresh request 210, 
Since the secondary stations 12 and 15 are in the input type, they do not 
respond to the refresh request. 

Then, the primary station 11 sends the polling request 213 to all the 
5 secondary stations of the input type. The secondary stations 12 and 15 read 
the polling data from the input circuit, and sends the polling response as soon 
as they receive the polling request 213. 

As stated, the load of the processing by the processor can be reduced 
n and the time for the transmission can be shortened by controlling the order in 

SIO monitoring the time. 

HF As stated, the primary station makes the polling request and the 

i^. § 

refresh request without designating the address to the secondary stations by 
Q predetermining a response order from the secondary stations according to this 

j=8& invention. Therefore, the overhead of the data communication can be reduced, 

Ql5 and the time for the communication can be reduced. 

Embodiment 9. 

In Embodiment 1, in case that the secondary station doesn't respond 
due to a malfunction, etc., the primary station detects the error, and controls 
the retry transmission. In Embodiment 9, explanations are made on a case in 
20 which the secondary station detects the error and responds. 

Fig. 16 shows a chart for explaining the timing in case that the polling 
response 214 (illustrated in a broken line) is not returned from the secondary 
station 12. Fig. 17 shows a configuration chart of the serial transmission bus 
controller in Embodiment 9. In Fig. 17, a transmission controller 701 for 
25 determining if the transmission is possible, and a timeout register 702 for 
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setting a response timeout time of the secondary station are illustrated. 
Other signs which are also in Figs. 13 and 15 are same or equal elements with 
the signs in Figs. 13 and 15. 

With reference to Figs. 16 and 17, explanations are made on operations 
of this apparatus. 

The primary station sets the response timeout time in each of the 
timeout registers 702 of all the secondary stations before making the refresh 
request and the polling request to the secondary station. 

Explanations are made on the timing of the typical group 202 of the 
communications illustrated in Fig. 16. Controlling of the refresh request and 
refresh response is same as in Embodiment 8. 

Then, the primary station 11 sends the polling request 213 to all the 
secondary stations of the input type. In case that the transmission controller 
701 in the secondary station 15 doesn't receive a notice of the completion of the 
frame transfer from the signal checker 304 within the value set in the timeout 
register 702, i.e., the system is in a hold state in some reason, the transmission 
controller 701 judges that the response timeout has occurred, and permits the 
transmission of the polling response 215. When the timeout is detected, the 
transmission is started voluntarily in a turn of the own station. 

When the primary station receives the polling response 215 from the 
secondary station 15, the primary station retries the polling request only to the 
secondary station 12 of the timeout. 

The series of the communication is processed by the communication 
circuit in the primary station based on the instruction from the processor in 
the primary station. Even if a response timeout occurs, the processor needs to 
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retry the transmission of the request only to the secondary station in the error, 
and the processor doesn't need to send the address. Hence, the processing can 
be reduced, and the response within the cycle can be assured. 

Further, since a mechanism equivalent to a counter or a tinier is 
provided in the secondary station, the load on the primary station can be 
further reduced. 
Embodiment 10. 

In another field to which this invention is applied, the reduction of the 
communication time is more important than the communication error. 

In Embodiment 10, a bit for indicating requiring no response is 
provided in the refresh request frame sent from the primary station, and the 
secondary station controls if the refresh response is sent or not by setting or 
resetting the concerning bit. 

Fig. 18 shows a frame configuration chart of the embodiment of the bit 
for indicating requiring no response. Fig. 19 illustrates a chart for explaining 
the timing in case that a no response (request) bit for indicating response is not 
needed to the primary station. In Figs. 18 and 19, a bit 801 for indicating no 
need to respond, a refresh request 901 in which the bit 801 for indicating no 
need to respond is turned on, i.e., the signal showing that no refresh response 
is required, if the bit 801 for indicating no need to respond is turned on, and off 
time 902 between the requests are illustrated. Other signs which are also in 
Fig. 13 are same or equal elements with the signs in Fig. 13. 

With reference to Figs. 18 and 19, explanations are made on operations 
of this apparatus. 

Explanations are made on the timing of the typical group 202 of the 
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communications illustrated in Fig. 19. At first, the primary station 11 collects 
the refresh data for the secondary stations 13 and 14 of the output type as the 
refresh request 901 in which the bit 801 for indicating no need to respond is 
turned on. The secondary stations 13 and 14 receive the refresh request 901 
5 for the own station and all the secondary stations by referring to the address 
218, and check the bit 801 for indicating no need to respond of the received 
frame. Since the bit for indicating no need to respond is on, the refresh 
response is not sent. 

■r% Then, the primary station 11 sends the polling request 213 to all the 

40 secondary stations of the input type after the off time 902 has passed. The 
4* secondary stations 12 and 15 read polling data from the input circuit as soon as 

^ receiving the polling request 213 for the own station and all the secondary 

f*l stations by referring to the address 218. Controlling of the transmission of 

'ESS 1 

u the polling response is same as the operations in case of sending the polling 

QL5 response in Embodiment 8. 

As stated, according to this invention, the communication time can be 
reduced by controlling if the response from the secondary station is sent. 

In Embodiment 10, the primary station controls if the response from 
the secondary station is sent. However, it is also possible that the secondary 
20 station sends the response in case of the error. 

Fig. 20 shows a frame configuration chart of an embodiment using a bit 
for indicating a valid error report by the secondary station. Fig. 21 is a chart 
for explaining timing. In Figs. 20 and 21, a bit 1001 for indicating a valid 
error report, a refresh request 1101 in which the bit for indicating the valid 
25 error report is turned on, and a reporting time 1102 of an error are illustrated. 
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Other signs which are also in Figs. 18 and 19 are same or equal elements with 
the signs in Figs, 18 and 19. 

With reference to Figs. 20 and 21, explanations are made on operations 
of this apparatus. 

5 Timing of the typical group 202 of the communications illustrated in 

Fig. 21 is explained. At first, the primary station 11 collects the refresh data 
for the secondary stations 13 and 14 of the output type and sends the data as 
the refresh request 1101 in which both of the bit 801 for indicating no need to 
respond and the bit 1001 for indicating the valid error report are turned on. 
'40 The secondary stations 13 and 14 receive the refresh request 1101 for the own 
»P station and all the secondary stations by referring to the address 218, and 

"*r checks the bit 801 for indicating no need to respond and the bit 1001 for 

indicating the valid error report in the received frame. Since both bits are 
,«■* valid, the refresh response is not sent. Only when an error is detected in 

Sl5 monitoring from the own station, the error report is issued after receiving the 
refresh request 1101. For reporting the error, it is possible to send "1" for a 
constant time as defined in the HDLC. 

Then, the primary station 11 checks if the error report is sent from the 
secondary station in the reporting time 1102 of the error after sending the 
20 refresh request. If there is an error report, the primary station 11 performs 
polling, and processes the retry transmission. The primary station 11 sends 
the polling request 213 to all the secondary stations of the input type. The 
secondary stations 12 and 15 read the polling data from the input circuit at the 
same time with receiving the polling request 213 for the own station and all 
25 the secondary stations by referring to the address 218. The transmission of 
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the polling response is controlled as in the transmission of the refresh response 
stated in Embodiment 1. 

The processor can know if there is an error in the secondary station of 
the output type by turning the bit 801 for indicating no need to respond off 
among the plurality of refresh requests. 

As stated, according to this invention, the time for the communication 
can be reduced by notifying if there is a response from the secondary station 
and responding only in a necessary case based on the notice. 

Further, since a field for showing that the normal response for the 
refresh request is not required is provided, the communication time can be 
further reduced. 

Having thus described several particular embodiments of the invention, 
various alterations, modifications, and improvements will readily occur to 
those skilled in the art. Such alterations, modifications, and improvements 
are intended to be part of this disclosure, and are intended to be within the 
spirit and scope of the invention. Accordingly, the foregoing description is by 
way of example only and is limited only as defined in the following claims and 
the equivalents thereto. 



